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ABSTRACT 

G290. 1-0.8 (MSH 1 1-67 A) is a supernova remnant (SNR) whose X-ray morphology is centrally bright. How- 
ever, unlike the class of X-ray composite SNRs whose centers are dominated by nonthermal emission, presumably 
driven by a central pulsar, we show that the X-ray emission from G290. 1-0.8 is thermal in nature, placing the 
remnant in an emerging class which includes such remnants as W44, W28, 3C391, and others. The evolutionary 
sequence which leads to such X-ray properties is not well understood. Here we investigate two scenarios for such 
emission: evolution in a cloudy interstellar medium, and early-stage evolution of a remnant into the radiative 
phase, including the effects of thermal conduction. We construct models for these scenarios in an attempt to re- 
produce the observed center-filled X-ray properties of G290. 1-0.8, and we derive the associated age, energy, and 
ambient density conditions implied by the models. We find that for reasonable values of the explosion energy, 
the remnant age is of order (1-2) x 10"* yr. This places a fairly strong constraint on any association between 
G290.1-0.8 and PSR Jl 105-610, which would require an anomalously large velocity for the pulsar 

Subject headings: ISM: individual (G290.1-0.8A4SH 1 1-67 A) — supernova remnants — X-rays: interstellar 



1. INTRODUCTION 

A distinct subset of moderate age supernova remnants 
(SNRs) are characterized by an X-ray morphology which is 
centrally brightened, in contrast to a more limb-brightened ra- 
dio profile. In some cases (e.g. CTA 1 [Slane et al. 1997], MSH 
11-62 [Harrus, Hughes, & Slane 1998], G39.2-0.1 [Harrus & 
Slane 1999]) recent observations have shown that the central 
emission is nonthermal in nature, presumably associated with 
a pulsar-driven synchrotron nebula. For others, however, the 
central emission is decidedly thermal (e.g. W44 [Jones, Smith 
& AngelUni 1993]; 3C391 [Rho & Petre 1996, Chen & Slane 
2001]; G272.2-3.2 [Harrus et al. 2001]). A recent list of the 
members of this "mixed morphology" class of SNRs has been 
compiled by Rho & Petre (1998). The evolutionary character- 
istics which have led to such an observed profile are not well 
understood. One possible scenario is that the shells in these 
remnants have recently become radiative, thus leaving only the 
hot interior to persist in X-rays (Smith et al. 1985, Harrus et al. 
1997), a picture that is enhanced by the effects of thermal con- 
duction on the temperature and density distribution in the SNR 
(Cox et al. 1999). Another suggestion is that the central emis- 
sion measure has been enhanced by the presence of cool clouds 
left relatively intact after the passage of the blast wave to slowly 
evaporate in the hot SNR interior (Cowie & McKee 1977, Mc- 
Kee & Ostriker 1977, White & Long 1991). 

Early X-ray observations with the Einstein Observatory (Se- 
ward 1990) established the center-filled nature of the X-ray 
emission from G290. 1-0.8. However, the spectral character- 
istics of the remnant are poorly constrained by these data, leav- 
ing open the question of whether the centrally enhanced X-ray 
emission is thermal or nonthermal in nature. The remnant was 
not observed with the ROSAT PSPC. Optical observations of 
the remnant show patchy emission with an enhanced [S II]/Ha 
ratio typical of SNRs (Kirshner & Winkler 1979, Elliott & Ma- 
Hn 1979). In the radio band (Figure 1) G290. 1-0.8 is classified 



as a shell-type SNR (Green 1998) although the morphology is 
actually somewhat "plateau-like" with the exception of a par- 
tial shell along the western limb along with other patchy struc- 
tures interior to the SNR boundary (Whiteoak & Green 1996). 
The remnant is 10' x 14' in size, distinctly elongated in the 
southeast-northwest direction. This is roughly aligned with the 
Galactic plane, much like other "bilateral" SNRs whose mor- 
phologies may be the result of magnetic field structures near 
the plane (Gaensler 1998). A young pulsar (Jl 105-6107) has 
been discovered nearby the SNR (Kaspi et al. 1997). Its loca- 
tion is well outside the remnant, along the axis of elongation 
(and outside the field of view in Figure 1). The spin-down age 
of the pulsar is ~ 60 kyr, considerably larger than the expected 
age for a remnant which is still X-ray luminous. Moreover, as 
pointed out by Kaspi et al. (1997), the age is even larger for 
a braking index n < 3, which may be more typical of pulsars. 
These standard calculations assume that the current spin period 
P is much longer than the initial period Pq (i.e. that the pulsar 
has spun down considerably since birth). Relaxing this con- 
straint can lead to an inferred pulsar age that is consistent with 
that of the remnant. We discuss constraints on the association 
of Jl 105-6107 with G290.1-0.8 in Section 4 below. 

The distance to G290. 1-0.8 is not well known. H I measure- 
ments (Goss et al. 1972, Dickel 1973) show absorption out to 
Vlsr ^ -25 km s~' indicating that the remnant lies beyond the 
tangent point with D > 2.9 kpc. Fabry-Perot measurements of 
the Ha line (Rosado et al. 1996) appear to show an emission 
component at Vlsr +12 km s~' associated with the SNR, indi- 
cating a distance D = 6.9 kpc. The emission is weak, however, 
and the Ha emission is quite complex in this region. The H I 
profiles from Goss et al. (1972) indicate absorption at posi- 
tive velocities as well, but those measured by Dickel (1973) do 
not. Finally, based upon a relatively low observed S II/Ha ra- 
tio (- 0.5), ElHot & Malin (1979) argue that G290.I-0.8 is a 
large, old remnant which, given its angular size, could be at a 
distance of ~ 12- 14 kpc. However, studies of the S II/Ha ra- 
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Fig. 1— Radio continuum image (843 MHz) of G290. 1-0.8 from 
MOST (Whiteoak & Green 1996). Contours start at 48 mJy beam"' 
and increase inward in steps of 40 mJy beam"' . 

tio for SNRs in M33 (Smith et al. 1993, Gordon et al. 1998) 
show a very large scatter in the variation of this ratio with rem- 
nant size, making such an argument questionable (as also noted 
by Rosado et al. 1996). For the purpose of discussion here, 
we express the distance as d^ = {d/1 kpc) and scale all derived 
quantities accordingly. 

Here we report on X-ray observations of G290.1-0.8 with the 
Advanced Satellite for Cosmology and Astrophysics (ASCA) 
in which we estabhsh the thermal nature of the central X-ray 
emission and address the observed spectral and spatial charac- 
teristics. In Section 2 we discuss the observations and the re- 
sults of the spectral analysis. We then investigate two scenarios 
to explain the X-ray characteristics: a cloudy ISM interpreta- 
tion, using the similarity solution derived by White and Long 
(1991); and an SNR with thermal conduction interpretation, 
using a shock code to follow the evolution of model remnants 
until properties representative of those observed are achieved. 
Finally, we present a discussion of these results. 

2. X-RAY OBSERVATIONS 

G290.1-0.8 was observed with the ASCA observatory for 40 
ks on March 1, 1994. Due to observation at small Earth angle, 
however, standard screening resulted in the rejection of a large 
fraction of the SIS data. A repeat observation was performed 
on January 16, 1995. The resulting SIS data were of some- 
what reduced quality from that originally expected because of 
the degradation of the SIS detectors in 4-CCD mode. 

The GIS image (0.5-10 keV) of G290.1-0.8 with radio 
contours from the MOST image (Whiteoak & Green 1996), is 
shown in Figure 2. Here the X-ray data have been smoothed 
with a 30 arcsec Gaussian followed by a background subtrac- 
tion and vignetting correction. The boundary of the X-ray emis- 
sion is strikingly similar to the radio boundary, but the mor- 
phology is centrally bright in X-rays while the radio emission 
shows no evidence of any enhancement associated with the 
bright X-ray center. The position of the peak X-ray emission 
is at roughly RA2000: 1 1''03'", Deciooo: -60°54'. 

X-ray images of composite SNRs (i.e. those containing a 



Fig. 2. — Background-subtracted, vignetting-corrected ASCA GIS 
image (0.5-10 keV) with radio contours from MOST. The point source 
observed in the ROSAT HRI is indicated by a cross. 

central pulsar-driven synchrotron nebula) show distinct mor- 
phological differences above and below ~ 1.5 keV, with the 
high energy tail of the power law spectrum from the centrally 
located synchrotron nebula dominating above 1.5 keV, where 
the thermal emission from the shell has fallen off (see Harrus, 
Hughes, & Slane 1997, Harrus & Slane 1998). We find no such 
energy dependence for the X-ray morphology of G290.1-0.8; 
the spectral characteristics appear relatively uniform over the 
remnant. 

To determine the spectral properties, we have carried out 
joint spectral fits using the ASCA GIS and SIS data. For the 
GIS data we have used the outer regions of the detectors for ex- 
traction of background spectra. Use of blank-sky data for back- 
ground, which were obtained at a high Galactic latitude (and 
thus do not include any contribution from the Galactic ridge 
emission in the direction of G290. 1-0.8) yields similar results 
for the spectral analysis. Background for the SIS was taken 
from blank-sky fields. 

All GIS2 and GIS3 data were merged to produce a single 
spectrum. In the earlier observation, the GIS3 data were taken 
with 128 bin spectral resolution in order to provide increased 
timing resolution. All GIS data were thus rebinned to this res- 
olution before forming the joint spectrum; no loss of intrinsic 
instrument resolution is introduced in this process. A total of 
~ 55,000 GIS events were obtained with a total effective inte- 
gration time of 139 ks. The SIS data were also merged to form 
a joint spectrum yielding a total of ~ 16,000 events with an 
effective exposure of 52 ks. 

The spectra (Figure 3) are roughly described by a thermal 
plasma in ionization equilibrium (Raymond & Smith 1977) 
with the addition of a weak power law component; the ob- 
served temperature is kT ~ 0.5 keV with an absorption in ex- 
cess of 10^^ cm~^, and the fit yields a reduced of 1.42. A 
gain adjustment of ^ 2% is required for the GIS data, a value 
which is within the uncertainties of the instrument calibration. 
The spectral fit is significantly improved with increased abun- 
dances for Mg, Si, and S, yielding a final reduced of 1.02 
for the spectral values shown in Table 1. The small hard com- 
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ponent 2% of the unabsorbed flux) may be an artifact of 
residual Galactic ridge emission, though we note that there 
is no evidence of iron-Une features which typically character- 
ize such emission (Yamauchi & Koyama 1993). Alternatively, 
this component could be associated with synchrotron emission 
from electrons accelerated by the SNR shock. Such a compo- 
nent is observed for a number of SNRs (e.g. Cas A, Tycho, 
Kepler, and others), including several (SN 1006, G347.3-0.5, 
and G266.2— 1.2) for which such emission completely domi- 
nates the X-ray spectrum. In any case, the spectrum clearly 
establishes that the bright central X-ray emission is thermal in 
nature. Spectra taken in three annular regions surrounding the 
bright X-ray center show no strong evidence of spectral vari- 
ability, although a small variation in the column density from 
region to region appears to be preferred by the spectral fits. 
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Fig. 3.— X-ray spectra from G290. 1-0.8 from ASCA GIS and 
SIS. Histograms correspond to best-fit models as described in the 
text. Residuals for the fits are shown below each spectrum. 

G290.1-0.8 was observed for ~ 15 ks with the ROSAT HRI 
on 29 January 1995. A faint source (R = 5.6 x 10~^ s"') is seen 
at RA2ooo=ll''03'«19', Dec2()oo=-60°55'17" which is within 
~ 3 arcsec of an unidentified 14th magnitude optical source, 
consistent with the position uncertainty in the HRI. The X-ray 
source is faint and does not contribute significant distortion to 
the overall brightness profile of the diffuse emission; its posi- 
tion is marked in Figure 2. There is no compact source of emis- 
sion detected in the centrally enhanced region of the remnant. 

3. INTERPRETATION 

Having spectrally ruled out a central plerion scenario for 
G290. 1-0.8, thus placing the remnant in the same class as W44 
and other "mixed morphology" SNRs, we have considered two 
alternative scenarios for producing the observed center-filled X- 
ray morphology: evolution in a cloudy ISM (Cowie & McKee 
1977; White & Long 1991), and an SNR for which fliermal 
conduction effects have smoothed the temperature distribution. 
Below we discuss each case and compare the model predictions 



with observed results from G290. 1-0.8. 





TABLE 1 


Spec i RAL l"i r PARAMt i tRS 


Parameter 


Value" 


Nh 


(1.3 ±0.1) X 10'^ cm"^ 


kT 


0.60 ± 0.03 keV 


Abundance: 




Mg 


2.3 ±0.3 


Si 


2.4 ±0.3 


S 


1.4±0.3 


F^(thermal)* 


1.8x 10"'°ergcm-^s"' 


a 


1.4±0.8 


F^Cnonthermal)* 


2.2 X 10*'^ erg cm"- s"' 


)^ 


578.3 (567 degrees of freedom) 



a) Uncertainties represent 90% confidence intervals 



b) Fx = unabsorbed flux in 0.5 - 10.0 keV band 

3.1. Cloudy ISM Model 

The possibility that SNRs evolve in a two-phase ISM con- 
taining cold clouds embedded in a wanner diffuse intercloud 
medium was first discussed by Cowie & McKee (1977). In this 
scenario, the SNR blast wave rapidly passes the cold clouds 
leaving them relatively intact in the hot postshock gas. Here, 
through saturated conduction, they slowly evaporate and in- 
crease the central emission measure. White & Long (1991) 
developed a similarity solution for such evolution which incor- 
porates two new parameters to the standard Sedov (1959) solu- 
tion, namely C (the ratio of ISM mass in clouds to that in the 
intercloud medium), and r (the ratio of the cloud evaporation 
timescale to the SNR age). For appropriate values of C and r, 
centrally bright X-ray morphologies are possible. 

To investigate the cloudy ISM scenario for G290. 1-0.8, we 
constructed models covering a range of (C, r) values. Using 
the emission measure derived from the GIS data, we varied the 
input shock temperature until the mean fiux-weighted temper- 
ature for the model matched that derived from the data. We 
then constructed the radial brightness distribution for the model 
and compared it with the observed profile The model surface 
brightness distribution was calculated from the model density 
and temperature distributions using emissivities for a plasma 
with abundances as derived from the spectral fitting. This was 
then folded through the observed interstellar absorption and 
the ASCA GIS and X-ray telescope spectral response, and the 
model brightness and temperature profiles were then compared 
with those derived from the GIS data. As illustrated in Figure 
4, an adequate description of the data is obtained for (T,C,kTs) 
values between (10,50,0.49 keV) and (40,150,0.51 keV). While 
the brightness distribution differs somewhat from that observed 
(see further discussion in Section 4), the overall agreement is 
quite good for a spherically symmetric, homogeneous model; 
deviations of similar magnitude are typically encountered when 
attempting to fit profiles for shell-type remnants with ideal Se- 
dov models. We note that the radio boundary indicated in Fig- 
ure 4 is that of the most spherical component of G290. 1-0.8, 
and this is the valued used for the remnant radius in the (spher- 
ically symmetric) models. The apparent extension of the X-ray 
boundary beyond the radio shell is due primarily to the contri- 
bution from the extended regions of emission in the NW and SE 
(although the broad point spread of the telescope also smoothes 
the outer X-ray boundary). 

In Figure 5 we have plotted the derived properties of the 
remnant for (T,C,kT,) values of (10,50,0.49 keV). The depen- 
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Fig. 4. — Comparison of cloudy ISM models with observed X-ray 
surface brightness and temperature profiles for G290. 1-0.8. Points 
correspond to data from ASCA GIS observations. Curves corre- 
spond to models using the similarity solutions of White & Long 
(1991) for input parameters (r, C, kZ) = (10,50,0.49 keV). [solid] and 
(40,150,0.51 keV) [dashed]. 
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Fig. 5. — Derived parameters for G290. 1-0.8 based upon cloudy 
ISM model. Curves for radius and age, £51 and M sw, and m are in- 
dicated with associated scales at left and right. Dashed lines indicate 
example values based upon a 10 kpc distance. 



dence on assumed distance is shown explicitly. The derived 
value for the explosion energy (~ 3 x 10^" erg is somewhat 
low for the nominal ^ 7 kpc distance; more reasonable val- 
ues (~ 8 X 10^*^ erg) are obtained for a distance closer to ~ 10 
kpc, although we note that inferred explosion energies are of- 
ten low with the W&L model (e.g. Harrus et al. 1997). Using 
the (T,C,kZ) values of (40,150,0.51 keV) leads to a - 50% 
decrease in rii, but little change in the other derived quantities. 

While the cloudy ISM model reproduces the observed X-ray 
characteristics of G290.1-0.8 quite well, an area of concern is 
the very long evaporation timescales (10 to 40 times the age of 
the remnant) required by the model. Models for evaporation of 
cold, dense clouds via saturated conduction predict relatively 
long evaporation timescales (McKee & Ostriker 1977). How- 
ever, hydrodynamic simulations of shock/cloud interactions in- 
dicate that the clouds undergo considerable disruption (Stone 
& Norman 1992); models which require that cloudlets remain 
intact on timescales of many tens of thousands of years (as sug- 
gested by the values if t) appear problematic. Magnetic fields 
may act to prolong the cloud destruction timescale (Mac Low 
et al. 1994) although this may also act to reduce the evapora- 
tion process because thermal conduction is heavily suppressed 
across magnetic field lines. 

3.2. Thermal Conduction Model 

In the later phases of SNR evolution, the shock front slows 
and becomes radiative, as the shocked material cools imme- 
diately after being heated. This occurs when the shock tem- 
perature falls below ~ 0.1 keV, which, using the Sedov (1959) 
solution, corresponds to an age t ^ 2x 10"*(^)'/^ yr, with a 

radius R ~ 15(^)^/^pc. After this stage, the X-ray emission 
above ^ 1 keV from the outer shell of the remnant effectively 



stops. In addition, the soft X-ray/EUV radiation from the radia- 
tive shock is readily absorbed, so the central hot region of the 
remnant dominates the X-ray emission. 

In a pure Sedov solution, however, the temperature in the 
center of the remnant is extremely high, and the density low, 
so the total X-ray emissivity of the center will be very low as 
well. Reducing the central temperature and increasing the den- 
sity would dramatically increase the emission. In the White & 
Long (1991) model, this moderation was achieved by assum- 
ing evaporating clouds exist inside the hot remnant. Another 
method is to include thermal conduction, via Coloumb colli- 
sions between the electrons and ions (Spitzer 1956), inside the 
hot plasma. This approach has been used to model the SNR 
W44 (Cox et al. 1999; Shelton et al. 1999), and to make mod- 
els of the Local Bubble (Smith & Cox 2001). 

We used a one-dimensional spherically symmetric La- 
grangian shock code (ODIN) (Smith & Cox 2001) to model the 
temperature and density evolution of the SNRs into the radia- 
tive phase. ODIN calculates the non-equilibrium radiative cool- 
ing (using the 1993 version of the Raymond & Smith (1977) 
plasma emission model) from the hot plasma at each timestep. 
The electron and ion temperatures are assumed to be in equi- 
librium throughout. The magnetic field is assumed to be frozen 
in the plasma, and so contributes only to the pressure as a term 
oc n^. The thermal conduction model is based on Spitzer (1956), 
including the saturation limit from Cowie & McKee (1977). 
The code has been tested against the analytic Sedov model as 
well as the shock tube model (Smith 1996). 

We constructed models for a range of (E,n()) values and 
followed these to 50,000 years, by which time all had be- 
come radiative. We then calculated the NEI X-ray spectrum 
for each {E,no,t) point, folded this through the ASCA GIS 



5 




Age R 

(10* yr) (pc) 



MSH 11-61A 



(erg) (IOOM5,) 



2 4 6 

Radius (arcmin) 

Fig. 6. — Comparison of thermal conduction model with observed 
X-ray surface brightness and temperature profiles for G290. 1-0.8. 
Points correspond to data from ASCA GIS observations. Curves cor- 
respond to the thermal conduction model which best reproduces the 
average surface brightness and mean temperature of the remnant. 



2 - 



1.5 





1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
Thermal Conduction Model 




- 




2 


_20 


/ 


1.5- 






- 


y / - 


- 




/ E5.. M„ 








1 " 


15 










0.5- 


" 1 


1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 





15 



10 



6 8 10 12 14 

Distance (kpc) 

Fig. 7. — Derived parameters for G290. 1-0.8 based upon radiative 
model with thermal conduction. Curves for radius, age, £51 and M sw 
are indicated with associated scales at left and right. Dashed lines 
indicate example values based upon a 10 kpc distance. 



response, and found the predicted surface brightness. We re- 
stricted our search to those models that matched the observed 
surface brightness (0.0025 GIS counts sec"' arcmin"^). The 
temperature profiles of these models are all relatively flat com- 
pared to models without thermal conduction (e.g., Sedov mod- 
els). The central temperature is a function of ISM density «o but 
largely independent of supernova energy E, given the constraint 
on the surface brightness. 

Since the observed temperature profile is quite flat at ~ 
0.6 keV, we were able to eliminate models with no > 2.0 cm~^ 
because they were too cool throughout. Conversely, models 
with no < 0.5 cm"^ were too limb-brightened. We were there- 
fore driven to models with no = 1 cm~^. In Figure 6 we show the 
flux- weighted temperature profile and the surface brightness for 
the model with Esi = 1.0 and no = 1.0 cm~^. Clearly the flux- 
weighted temperature is systematically too low, although we 
note that the derived temperature is dependent upon the elemen- 
tal abundances as well as the state of ionization equilibrium. 
We have modeled these parameters as well, but the important 
fine features that are sensitive to the parameters are poorly con- 
strained in broad-band fits to low spectral resolution data. The 
model surface brightness is also limb-brightened, in contrast to 
the centrally-peaked remnant morphology. Although the cen- 
ter of the remnant in this model has kT > 0.7 keV, the emis- 
sion from the edge dominates because the shock has not yet 
become radiative. It is important to note, however, that the limb 
brightness in this model is only ~ 10% higher than that for the 
remnant center, a condition far from that for a standard Sedov 
phase remnant. In Figure 7 we show the model results for the 
age, size, and explosion energy as a function of the assumed 
distance, for an ISM density of 1 cm"^ . Our models do predict 
the remnant age and radius as a function of explosion energy. 



but as the data do not constrain this parameter, we can report 
only ranges. For explosion energies £51 = 0.3, 1.0,2.0, the rem- 
nant ages are 10, 16, and 22 kyr, and the radii 6.2, 9.6, and 12 
pc, respectively. 

4. DISCUSSION 

Both of the models considered here yield X-ray emission that 
is centraUy enhanced relative to that expected from a pure Se- 
dov model. The observed brightness profile is actually steeper 
in the center than either model predicts, however, a situation 
that holds for similar modeling of W44 as well (Harrus et al. 
1997, Shelton et al. 1999). One possible scenario to explain this 
could be the presence of ejecta in the central regions. The X- 
ray spectrum of G290. 1-0.8 does show enhanced abundances 
of Mg, Si, and possibly Si, which could be consistent with this 
interpretation. However, there is currently no evidence that the 
measured abundance varies with radius, which would be re- 
quired in such a scenario. Observations with higher angular 
resolution are of considerable interest in order to permit a more 
sensitive search for such spectral variations. We note that a sec- 
ond scenario which could modify the brightness profile in such 
a way as to boost the central emission might be evolution into 
a stellar wind density distribution. This would consist of a pre- 
existing density profile which declines rapidly with radius, thus 
yielding relatively more mass in the central regions. Incorpora- 
tion of such profiles into the models discussed here is beyond 
the scope of this paper. 

As illustrated in Figures 5 and 7, the derived properties for 
G290. 1-0.8 differ for the two distinct models. However, the ba- 
sic conclusion supported by each is that, for reasonable values 
of the explosion energy (£51 « 0.5 - 1), the remnant age is of or- 
der (1-2) X 10"* yr, the distance is ^ 8- 12 kpc, and the amount 
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of swept-up mass is very large. G290. 1-0.8 is clearly in the 
mid-to-late phase of evolution. Our thermal conduction models 
do not predict that the shock in G290. 1-0.8 has gone radiative, 
unlike similar models used successfully for W44 (Shelton et 
al. 1999). This explains the slightly limb-brightened bright- 
ness profile for the model illustrated in Figure 6; it appears that 
thermal conduction models for mixed morphology SNRs only 
become centrally dominated in X-rays once the shock has be- 
come radiative. In the late phase of evolution, after the shock 
has become radiative, we expect the formation of a dense, thin 
outer shell that should be observable in HI. Such a shell is ob- 
served in W44 (Koo & Heiles 1995), for example, and HI obser- 
vations of G290. 1-0.8 are thus of considerable importance. We 
note that our thermal conduction models for G290. 1-0.8 are un- 
able to reproduce even the average surface brightness and mean 
temperature for cases where the shock is radiative. If HI obser- 
vations do reveal a dense outer shell, this will imply that other 
parameters for the X-ray emitting plasma need modification if 
a thermal conduction model is to hold. 

The X-ray characteristics of G290. 1-0.8 can also be used to 
assess the likelihood of an association between the remnant and 
PSR Jl 105-610. The component of the pulsar velocity in the 
plane of the sky is given by Vp = (3D/t where D is the distance 
to the system, t is the age, and (3 is the angular separation (in 
radians) between the pulsar and the SNR center. From pul- 
sar population studies, velocities are distributed in two roughly 
Gaussian components with characteristic speeds of 175 km s~' 
and 700 km s~', representing 86% and 14% of the population, 
respectively (Cordes & Chernoff 1998). 

For a remnant in the Sedov phase of evolution (including the 
case with evaporating clouds), the shock radius can be written 

[ 25(7+1)^ kT, 

Ks = t 

8(7-1) /imn 

where is the shock temperature, fi w 0.6 for cosmic abun- 
dances, and 7 = 5/3 for an ideal gas. Since Rs = 9D, where 9 
is the angular size of the remnant, the pulsar velocity can be 
written 

Vp = 6.8 X 10^ ^0 km s"' 

where Tg is the temperature in units of 10^ K. For G290. 1-0.8 
we have 9 ^ 6.3 arcmin, and PSR Jl 105-610 is located f3 ^ 
22 arcmin from the remnant center. For the cloudy ISM model 
described above, the inferred shock temperature is = 4.1 x 
10^ K. This leads to a pulsar velocity Vp w 5.3 x lO-' km s~' 
which is much larger than expected for a true association be- 
tween the two objects. 



For the thermal conduction model, for which the Sedov so- 
lution no longer applies, the shock temperature is lower. Scal- 
ing the size/age relation from Figure 7 implies a pulsar veloc- 
ity Vp « 4.5 x 10^ km s~', still very large when compared with 
other pulsars. We conclude that G290. 1-0.8 and PSR J1105- 
610 are unlikely to have been formed in the same supernova 
explosion. 

5. CONCLUSIONS 

The ASCA observations of G290. 1-0.8 establish this rem- 
nant as another member of the "thermal composite" class whose 
X-ray morphology is dominated by thermal emission from the 
center. We have investigated two models in an effort to repro- 
duce the observed temperature and brightness profiles. The 
cloudy ISM model based on the similarity solution by White 
& Long (1991) provides a reasonable description of these ob- 
served characteristics, and leads to a remnant of moderate age 
at a distance of 8 - 1 1 kpc for explosion energies in the range 
£51 = 0.5- 1. The required density of the intercloud medium 
is ^ 0.4-0.05 cm"-*, and the cloud to intercloud mass ratio is 
of order 50- 150. The evaporation timescale for the clouds is 
10-40 times the age of the SNR, which may be problematic 
given that cloud-crushing timescales are typically much shorter 
than this. The observed brightness profile is more centrally 
peaked than the model predicts, which may indicate a need to 
consider a density profile modified by a precursor wind. 

A hydrodynamic model which follows the remnant evolution 
toward the radiative phase, and incorporates the effects of ther- 
mal conduction, is also capable of increasing the central X-ray 
brightness and producing a somewhat flattened temperature dis- 
tribution, but the brightness and temperature profiles differ con- 
siderably from those observed. It would appear that this model 
requires modifications to the ambient medium, and perhaps the 
ejecta component, in order to more closely reproduce the ob- 
served properties. The density required to reproduce the size 
and flux is no ^ 1 cm"^, and the distance range associated with 
the explosion energy range used above is also ~ 8 - 1 1 kpc. 

With either of the above interpretations, the angular sepa- 
ration between G290. 1-0.8 and PSR Jl 105-610 relative to the 
remnant radius implies a pulsar velocity much larger than that 
typical of even high velocity pulsars. This would suggest that 
PSR Jl 105-610 is not likely to be associated with the SNR if 
either of these interpretations for the evolution are correct. 
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